Carpal Tunnel Syndrome (CTS) has been the subject of a growing number of studies, most of them leading to contradictory outcomes. The dual aim of this paper is to provide the foundation for a thorough understanding of CTS history, and to emphasize the strong relationship between upper extremity activities and occupational CTS. Evidence of work relatedness, as well as contradictory opinions regarding the role of job-related risk factors on CTS development are addressed. It is proposed that a thorough understanding of the factors that intervene in the task-CTS causal relationship, as well as the assessment of workers adaptation capacity will lead to ergonomic interventions that will ensure a reduction in the number of work-related CTS cases.
HISTORY OF CARPAL TUNNEL SYNDROME
It is highly probable that due to the poor-designed tools and work techniques the first victim of Carpal Tunnel Syndrome (CTS) was the Stone Age Man. 20 After thousands of years, CTS is not only present, but also due to the same reasons, has an exponential increase in incidence and prevalence from one decade to the next. Due to the clinical symptomatic diversity and because the preoccupation with the motor manifestations was far greater as compared to that with sensory signs, 38 the exact diagnosis of CTS has not been achieved or, in many cases, postponed.
The first workers disease was reported in 1717 by Ramazinni 83 who noticed that during work activities, factors like unnatural postures of the body, violent and irregular motions were the major contributors that cause the natural structure of the vital machine to become so impaired that serious diseases gradually develop. The first description of a CTS case was attributed to Sir James Paget, 62 who observed in a male patient with a healing fracture of the distal extremity of the radius, that the ulceration of the first three fingers was caused by the pressure on the median nerve.
The major symptoms were described for the first time by Putnam. 67 His observations were based on 37 female cases that presented numbness that occurred repeatedly during the night, or in some cases, early in the morning. Hunt 32 was the first to emphasize the relationship between occupational overuse and CTS occurrence. He showed that the nerve compression (motor fibers) is the major factor that leads to thenar atrophy. A major step back in the understanding of CTS development was made in the early 1900s when Hunt 31 mitigated the importance and role of sensory manifestations as compared to motor symptoms. The intrinsic relationship between motor and sensory signs has been emphasized by Wartenberg 82 and Zabriskie 86 who showed that almost all the patients presented paresthesiae.
The histological modifications were remarked for the first time by Marie and Foix in 1913 48 who reported the myelin sheaths absence at the constriction level. They were the first to propose the retinaculum transection as a suitable therapeutic method if applied in the early stages of the disease. The median nerve pressure role on thenar musculature atrophy and paresthesia was also highlighted by Abbott and Saunders. 1 They reported chronic nerve compression after inappropriate fracture reduction. Learmonth 42 and Cannon and Love 15 reported the first carpal ligament release for post-traumatic and for spontaneous median nerve compression, respectively.
A complete pathophysiologic mechanism for CTS development was proposed by Brain, 11 who linked the resulting ischemia with the applied pressure that causes oedema. This in turn led to increased pressure and precipitated a vicious cycle. The term Carpal Tunnel Syndrome was first used in the early 1950s. 35 In their article about CTS, Schiller and Kolb 72 used the terms Tardy Median Palsy, Median Neuritis, Partial Thenar Atrophy and Carpal Tunnel Syndrome as synonyms.
Phalen 63, 65 is the one who deserves the most recognition for popularizing CTS and raising it to the attention of medical community. He had proposed a provocative wrist flexion test that now is known as Phalens test. 64 Chronic flexor tenosynovitis as the primary cause for nontraumatic CTS was also proposed. 65 Gilliatt and Sears, 24 Simpson 76 and Buchthal and Rosenfalck 12 demonstrated the reduction of nerve conduction in patients with CTS. The role of ischemia was noted by Gilliatt 23 and LaBan, 37 who noted that the presence of prolonged sensory evoked potentials in transient CTS patients during wrist flexion.
Nowadays, due to the use of poorly designated tools, repetitive work procedures and non-ergonomic workplaces, CTS presence has been extended to a vast area of occupational activities and has became one of the most important causes of lost productivity. The term CTS is used to describe all cases of compression neuropathy of the median nerve at the wrist, following Phalen and Kendricks recommendation. 65 
Magnitude of the Problem
In 1981, only 18% of all worldwide illnesses were Cumulative Trauma Disorders (CTD). In 1984, 28% of all occupational illnesses reported were RSI. 13 It grew to 52% in 1992 and 70% in 2000.
The CTD burden on US economy in 1994 equalled $3.6 billion in direct workers compensations. Including the indirect costs, the total cost was $10.8 billion with $12,000 per case. 7 In 1998, there were 500,000 reported cases of Work Related Upper Extremity Disorders (WRUEDs) that needed more than one day off, 47 and from these, CTS results in the highest number of days lost among all work-related injuries. CTS is the most commonly reported nerve entrapment syndrome. 75 Currently, Carpal Tunnel Syndrome affects over 8 million Americans. 80 Almost half of the carpal tunnel cases resulted in 31 days or more of work loss. 56 The non-medical costs of a CTS case from compensation settlements and disability average $10,000 per hand. Include medical and indirect costs and the amount is elevated to $20,000 to $100,000 per hand. 78 Up to 36% of all Carpal Tunnel Syndrome patients require treatment for the rest of their lives, 80 and the total costs are enormous (Table 1 ).
Dimmitt 19 noted that litigations represent an important part of the total cost of CTS with lawyer fees and other legal taxes accounting for 25% of costs. Company policy should encourage employees to return to work with subsequent job rotation. Employee expenses can reach $30,000 if the worker returns to work and $100,000 if he is unable to work again in that position. 66 
Evidence of Work Relatedness
Although some authors 26, 28, 55, 58, 77 questioned the causal relationship between work exposure and CTS, there is strong evidence of the effect of repetitive and/or forceful tasks on the musculoskeletal system. The relationship between physical exposure and Work Related Upper Extremity Disorders (WRUEDs) was noted by an overwhelming number of previous studies, some of which are being cited. 3, 4, 6, 30, 49, 75 Approximately 260,000 carpal tunnel release operations are performed each year, with 47% of the cases considered to be work-related. 56 There is a direct correlation between increased exposure and increased incidence.
In an evaluation of occupational and nonoccupational factors associated with CTS, Roquelaure et al. 71 noted force exertion > 1 kg (odds ratio (OR) = 9.0), short working circle < 10s (OR = 8.8), lack of rest for at least 15% of the worktime (OR = 6.0) and manual supply of the worker (OR = 5.0) as having an important impact on CTS occurrence. Among the personal factors, only parity of at least 3 (OR = 3.2) was associated with CTS. Interestingly, no upper extremity posture was associated with CTS. They also noted a cumulative effect of risk factors on CTS development, with musculoskeletal disease increasing stridently when more than 3 factors were simultaneously present. Although the presence/absence of a specific risk factor is 52 proposed a semi-quantitative job analysis methodology (Strain Index). It encloses the assessment/appraisal of six variables (repetition, wrist posture, task duration per day, force intensity and duration per cycle, and exertion speed). While this method is very straightforward, resulting in a numeric score (the product of all six ratings multiplied by a constant), it fails to account for psychophysical stress, which is an important risk factor. Also, posture, force intensity, and speed are subjectively recorded reducing the methods power.
The activities with the highest risk for CTS development are: data entry, poultry and meat processing/packaging, dentistry, the use of vibratory tools and cashiering (Table 2) . Poultry workers have an increased risk for developing CTS (odd ratio 8-36). 36, 46, 50 The claim incidence rates in meat/poultry industry between 1987 and 1995 in Washington State were 308/10,000 workers, resulting in a major loss in poultry farms profits. 74 All the generic work-related risk factors (force, repetitiveness, localized mechanical compression, awkward posture, working with cold hands) 5, 44, 75 were met in the poultry industry. The relationship between work postures, force, repetitiveness in poultry tasks and CTS development was studied in previous research 34, 73, 85 but future extensive research is still needed in order to develop task and employeespecific ergonomic interventions.
In a review of workers compensation board (WCB) claims in Manitoba, Yassi et al. 85 assessed that the most frequent diagnosis (27.5%) of all accepted claims was CTS. The meat and poultry processing-related industry is the highest risk activity in the area. Frost et al. 22 assessed a prevalence ratio of 3.23 for non-deboning slaughterhouse workers and 4.91 for deboning slaughterhouse workers. Gorsche et al. 25 found a non-significant difference in CTS prevalence in modern, mechanized meat plants when compared with older plants. Among WRUEDs, CTS has the biggest impact in the professional computer users health and in the industrial-related medical and non-medical costs. From the 37,804 cases of CTS reported in 1994, 7897 (24%) were attributed to repetitive typing or keyboard data entry. 78 The loss in productivity is manifested before (less typing speed), during and after (days of hospitalization) the treatment of CTS. During typing, the causes for CTS are keystroke activation force, tactile and proprioceptive feedback, repetitiveness of the task, 18 percentage of time typing, typing speed, the unequal distribution of finger usage, keyswitch make force and typing force. 2 Although typing does not lead to CTS due to the high force required, 69 the elevated level of repetition makes it a major factor in CTS pathogenesis. 60 During typing, the posture is such that the wrist is extended and ulnar deviated. Also, in order to fit the keyboard, fingers are extended leading to an elevated intracarpal tunnel pressure. 84 Although the maximum acceptable rate is 30/min, 90 frequencies above 38-40/min are constantly met during typing. Latko et al. 41 found association between work repetitiveness and CTS (OR = 1.22 per unit of repetition, p = 0.08). Also, the significant difference between low and high repetitive activities was assessed (OR = 3.11). When positive electrodiagnostic aspect in the dominant hand (difference in peak latency of 0.5 ms between ulnar and median nerves), and hand diagrams consistent with CTS (score 2 or 3 on a 0-3 scale that take into account the presence of numbness, tingling, burning, or pain in the fingers, hand or wrists in a minimum of three episodes or one episode in more than one week in the last year) were used to define CTS, there was an important difference between the prevalence recorded for low (2.7%) and high (7.9%) repetition jobs.
CTS among cashiers is due to high repetition, awkward posture and localized mechanical pressure. 8, 51, 61 The use of monooptic laser instead of a bioptic ones elevates the repetition of the task, and forces the worker to manipulate the objects for longer periods of time. 40 Although the checkstands are designated to accommodate standing postures in Asia, North America and Australia, while seated workplaces are more common in Europe and South America, there are no differences in the number of cumulative trauma disorders. 43 A major confounding factor in simulated studies that measure the CTS risk level assessment among cashiers is the lack of rescanning, which is highly common in the real task. 40 The mechanism by which the use of vibratory tools leads to CTS is still shadowed because of the constant association between vibration, forceful and repetitive movements. Proposed mechanisms are: elevated muscle tonic vibration reflex followed by increased muscle contraction, 5 mechanical abrasion of tendon sheaths, constricted blood flow to the nerve 68 and unnecessary increase in the applied force due to the tactility impairments caused by vibration. 10, 81 A decreased peripheral nerve conduction due to affected myelinated nerve-fibre activity and parasympathetic activity is likely to occur. 53, 54 In all work activities, the risk of developing CTS is highly increased when there is an association between different risk factors. Silverstein et al. 75 noted that tasks are most hazardous where both high repetition and high force are present.
Recent studies 29, 39 noted a growing incidence of CTS among dentists. Although their assessed CTS prevalence varies within a wide range, all of them support the idea of work as a causal factor in the development of CTS among dental professionals. The risk factors are multifactorial including awkward postures, short work cycles, repetitive movements and localized mechanical pressure.
Hadler 27 stated that psychosocial factors play an important role in cumulative trauma disorders development. He tends to overestimate the role of stress in the workplace and consider that all claimants symptoms are not work-related. Considering that work-related CTS does not exist, one does not only disdains all the claimants and the physicians that diagnosed the cases, but also the entire system. Among all WRUEDs, CTS is the disorder in which psychosocial stress plays the least important role. In CTS pathogenesis, muscle activation due to mental stress is almost nonexistent. Factors such as fatigue, insecurity, organizational stress, and lack of job satisfaction are important in the initiation of litigation. 33 Mental factors do affect pain but they can only increase its level and cannot represent the trigger factor. Only by using information that arises from ergonomic studies, one can design jobs and workplaces that will allow the worker to execute tasks within the safe limits for the musculoskeletal system.
Discussion and Conclusions
The relationship between work and CTS occurrence was stressed by previous studies. This causal link is sustained by the difference in CTS prevalence found among employees in occupations with high physical exposure/ awkward posture level versus workers performing low exposure jobs. Also, targeted ergonomic interventions succeeded in reducing the number of upper extremity musculoskeletal disorders for workers in hazardous tasks. Although the role of psychosocial factors is not fully assessed, there is strong evidence in the literature regarding the relationship between physical exposure and CTS. Ignoring the problem will determine no other result than a growth in the number of workrelated disorders especially due to the maintenance of poorly designed jobs and workplaces that allow the worker to perform daily tasks at elevated risk levels.
All causal characteristics (temporal association and contiguity, dose-response effect, and biological plausibility) are present in the hazardous work-MSD relationship (Musculoskeletal Disorders and the Workplace). The occurrence of CTS after prolonged exposure, and the decrease of CTS cases after ergonomic programs implementation (reduction at risk factors exposure) stress this point of view. The assessment of the temporal relationship between exposure and outcome is jeopardized by the fact that the majority of studies are cross-sectional. Also, this type of research design fails to include the most severe cases due to their absence from the workplace. Workers non-response may be due to different reasons. Uninterested unaffected workers as well as the ones absent due to sick-leave or transfered to light exposure jobs are not included in the original data collection. The data extrapolation to non-included workers weakens the study external validity and introduces an important bias.
The examination of work-related CTS cases should address both the individual and the working population as a group. The individual approach of the problem would provide useful data regarding the personal adaptability at the workplace, the effect of injury on the individual, methods of coping with the impairment, the individuals experience in modifying work habits as well as case management information. Analyzing the high risk working population as a whole would provide an epidemiological synopsis of the situation, allowing for targeted strategies development. One should consider the effect of personal variance on musculoskeletal development. Job/device design adaptability plays an important role and ensures the ergonomic program success (the work-men interface optimization). The only valid solution is the identification of the causes that force workers to adopt sub-optimal positions.
Due to the strong evidence that work is etiologically-related with CTS, several proposed modifications for workplace, device and job design are presented (Table 3 ). Since returning to the same workplace configuration would lead to the occurrence of the same pathology, all these modifications should accompany the workers treatment.
The presence of two distinct groups of authors is evident. While some question the epide-miological relationship between work-related risk factors and CTS, the others, based on extensive direct research and systematic reviews, demonstrated the association between CTS and force, repetition, and awkward positions. Close interrelations between different risk factors play an important role in the overall job hazardous level. An accurate assessment of the level beyond the point where a risk factor becomes hazardous is needed. One should not classify a job as generating CTS cases based just on the presence of one risk factor. False positive classifications, followed by unnecessary job/device redesign may cause a decline in productivity.
In view of the information from previous studies, it is suggested that future research should address on-site work activities. The need for more studies that address the effect of psychosocial factors on upper on CTS is evident. Also, a more complex classification, rather than just yes Once these questions are answered, in order to ensure the success of adopted ergonomic jobs and workplace modifications, there should be an increase in the workers awareness level that will help the future job assessments. A normal consequence is an increase in productivity along with a reduction in the workers discomfort. Only by combining job/device ergonomic redesign with programs that will reduce the psychosocial stress level, one will obtain a real reduction in the number of claims.
